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Appendix 1.

The wild boar submodel

Reproduction

Females reproduce only once a year, depending on their age class
(they have to be at least subadult). Individual females reproduce
depending on the season with a peak in April and no reproduc-
tion in winter from October to December (Boitani et al. 1995).
Within one month the proportion of reproducing females is
equally assigned to four weeks with the exception that every third
month it is assigned to five weeks so that a model year sums up
to 52 weeks.

Habitat quality was reflected by the maximum number of fe-
males allowed to reproduce in a herd (breeding capacity) and was
calculated from field data (Fernandez et al. 2006). Older females
breed first. If adult females have died due to any stochastic process,
the sub-adults can also reproduce. The number of piglets per re-
producing female (N, .) follows a Gaussian distribution around
the mean and standar(f deviation found in literature (Table A1).

Natal dispersal

Female groups split up once a year in summer (week 28) if car-
rying capacity has been exceeded in the home-range cell and not
all neighboring home range cells are occupied yet by another fe-
male group. The female subadults, at least two individuals in our
model, then randomly move to the next suitable cell. We allow
for moves up to three cells, reflecting the reported mean dispersal
distance of 6-9 km. Female groups use their home ranges exclu-
sively, i.e. no other female group can move to that cell. Normally,
female groups are very stationary, but group splitting could be an
important aspect in population dynamics when female groups die
out due to disease mortality. We did not consider long-distance
dispersal as we only consider perfectly connected habitat and thus
spatial gaps for the virus transmission due to habitat fragmenta-
tion do not occur.

Baseline mortality

Mortality is age-dependent and adjusted to annual survival esti-
mates found in the literature. These survival estimates together
with the reported variability determine the Gaussian distributions
we draw from the random survival in the model on a yearly ba-
sis (SPy,). The stochastic effect resembles ‘good’ or ‘bad’ years
for boars, i.e. environmental noise. In the application the Gaus-
sian distributions are cut symmetrically around the mean (Table
A1l). Per time step we apply the adjusted age- dependent mortality
(PMy,.,) to the individual:

PMWeek =1- (SPYem)l/52 (1)
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The CSF submodel (Fig. A1)

Postnatal infection

The number of infectious animals in the group I, is counted, and
with a certain effective infection probability Py ; (that combines
contact and transmission) other members of the same group be-
come infected. Additionally an animal in the group gets infected
by I infectious neighbours. The effective infection probability
P s v is determined as a fraction f of Py ; (Table A2), since con-
tact between animals of different cohorts is normally lower. Thus,
the probability Py, that a susceptible animal becomes infected,
calculates as

I(; IN .
Py=1- (1_ PINP,G) * (1_ PINF,N) with P = £ Pp o ).

Response to infection

After infection, the individual is not infectious for one week (in-
cubation period) before onset of the infectious period. Mortality
probability of infected individuals is dependent on the virulence of
the virus, i.e. its ability to kill its host, and other individual traits
of the pig, such as age and health condition. For example, when
healthy pigs in good condition get infected the outcome of infec-
tion with a moderately virulent virus strain is transient or chronic.
On the other hand, pigs under stress infected with a highly viru-
lent strain become rather acutely infected, and most of them will
die within a short time period. To simplify communication, we
will refer to outcomes of low, moderate or high ‘virulence’, al-
though we bear in mind that the outcome is not only determined
by the virulence of the virus strain, but also by several factors of the
host (physical condition, age; for further discussion see Gandon
et al. 2002).

The virulence concept is reflected in the model as follows: First,
we determine randomly whether an animal responds transiently
to an infection based on the binomial parameter P,y (ie. in-
fectious for one week and then having a latency period for three
further weeks before acquiring an immune status; within the la-
tency, the animals cannot be super-infected, Christoph Staubach
pers. comm.). To reflect known differences in the proportion of
transients within the age classes we apply

P Adult = 1 — (1- Py ane)?
P.Subadult = Py €)

Trans

PTransPiglet =1- (1_ PTRANS)O‘5

If not transient, the infection runs lethal in the respective indi-
vidual. For these animals we determine their individual infectious
period T randomly from the following survival function depend-
ing on parameters maximum survival time T, and a shaping
exponent X:



(I—TT) FT<T,, (4)
P (D)= MAX
0 else

We then draw from this distribution the individual survival time
T for each individual (Fig. 1 in the main text). Thus, disease out-
come is expressed as a combination of case mortality (transient vs
lethal) and the survival time of lethally infected animals. The pro-
portion of infected pigs showing acute (living at most four weeks)
or chronic outcome (living between four and T, weeks) is deter-
mined by the exponent X, with high values of X resulting in many
acute infections, and low values of X in many chronic infections,
respectively (Fig. 1). These rules correspond to knowledge gained
in experiments with domestic pigs when low virulent strains af-
fected a high proportion of the animals only transiently, whereas
high virulent strains killed most of the infected animals.

Prenatal infection (part of the reproduction submodel)

When the female boar is infected, 10/16 of the foeti are aborted,
half of the rest consist of prenatally infected (PI) offspring, and the
remaining are normal susceptible piglets (Dahle and Liess 1992).
The PI piglets are automatically removed (mortality probability =
1) after time step T drawn from the distribution described above,
i.e. PI piglets were treated like lethally infected piglets.

Partially protected piglets

If the pregnant sow is already immune, then the piglets are born
with maternal antibodies. This means that, due to maternal anti-
bodies, piglets do not become infected for the first three months
(Depner et al. 2000). After that, they have a low antibody titer
for TS,,, time steps, which makes the outcome of an infection
transient. These so-called partially protected piglets are set back to
the status ‘susceptible’ after TS, time steps unless they have been
infected meanwhile and thus end up in immune state.
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postnatal infection — prenatal infection —

Effect of maternal antibodies: mother
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Figure Al. Flow chart of the disease course. Both lethally and transiently infected individuals shed the virus and can infect other individu-
als. TS, ,, = time steps of partial protection by maternal antibodies (hypothesis 5, Table 1, see text for details).



00 06

rTTrTT

00 06

00 06

00 06

00 04 08 08 00 04 08 00 04 08 2 4 6 8
size. | |-0.0032||-0.025 | [0.0020| |-0.0016]|-0.011 | [-0.014 | |0.0017|| 0.22 || -0.24
8 Ce 0.016 | | 0.031 ||0.0056 || 0.024 | |-0.013 || 0.037 || 0.16 || 0.24
Eﬂ“ i‘ 0.008 | |-0.0045| 0.0049| |-0.004 | |-0.012 || 0.27
8 THHIT 0.038 | [-0.010 | |-0.024 | |-0.013 || -0.05 || 0.34
baeseosaes TSwa ||-0.036 | [-0.016 | |-0.028 | [-0.032 || 0.15
E 031 || -032
0.39 | |-0.014
8 -0.25 | |0.0037
Crers -0.21.8*’k
| &
00 04 08 40 80
Figure A2 (A)
00 02 04 06 08 10 00 02 04 06 08 10 2 4 6 8
Nror 0.021 -0.033 0.031 0.28 0033 [,
0.35
018 [
0.0052
028 [.
Rt

00 02 04 06 08 10

00 02 04 06 08 10

0 20 40 60 80 100

0 40 100

Figure A2 (B). Figure A2. Kendall’s tau partial rank correlation between first-order (A) and second-order (B) independent variables and
the two response variables. Asterixes show the significance level.
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Figure A3. Structural dependency of the independent parameters for disease persistence analyzed with a GAM. -axis: partials of the
respective variable.

Table Al. Wild boar population demography parameters as used in the model.

Demographic process Symbol  Model parameter, standard deviation (sd), Reference
{range}
Maximum age (years) Y, 11 (Jezierski 1977)
Number of piglets per female N, 3.2, sd = 1.68, range {0 — 10} (Focardi et al. 1996, Bieber and Ruf 2005)
Survival rate of piglets SRy 0.48,sd = 0.37, range {0 - 0.96} (Focardi et al. 1996, Bieber and Ruf 2005)
Survival rate of yearlings SR g~ 0-6 (Bieber and Ruf 2005)
Survival rate of adults SR, 0.64,sd = 0.24, range {0.28 — 1} (Bieber and Ruf 2005)
Natal dispersal distances of D, up to 9 km (Truvé and Lemel 2003)

sub-adult females




Table A2. Model parameters (1 and 2), their ranges and response variables (3). Parameter combinations were assigned by Latin Hyper-
cube sampling out of 25 equal intervals for each range. The intervals of Py, ; and Py, are determined on a logarithmic scale. Param-
eter values for scenarios testing hypothesis 3 [H3] are given in parentheses. Second-order parameters are calculated from the parameter

values of the first order parameters.

(1) First-order parameter description symbol  Parameter value [H3] References, e.g.

Effective infection probability within herd ~ Py 0.005-0.85[0.05,0.1] —

Effective infection probability between herd P (0.1-1)* Py -

being the fraction of P, ; [0.1,0.5]

Number of weeks, where piglet/ subadultis TS,;, 12-16[12, 14] (Depner et al. 2000)

protected by maternal antibodies

Landscape size (number of cells). One di- Size; 10 -150 [100] -

mension is standardized with 25 cells

Breeding capacity per home range (cell) Cy 1-10[5] (Leaper et al. 1999; Howells and Edward-Jones
1997)

Presence of PI piglets PI Yes, no [H3] (Kern et al. 1999; Kaden et al. 2005)

Maximum survival time (weeks) of lethally T,y 5-52 (5, 30] (Depner et al. 1997; Mengeling and Packer

infected boars* 1969)

Exponent, giving the proportion of chronic X 1-10[1, 3] (Narita et al. 2000; Kaden et al. 2004)

and acute infections **

Probability of transient infection (for sub- P 0—1[0.2,0.8] (Dewulf et al. 2004)

adults; values for adults and piglets have to
be calculated with the formula described in
the Appendix)

(2) Second-order parameter description

Total population size

Mean infectious time of an infected indi-

vidual

Mean-to-variance-ratio

Overall infection probability defining the
speed of spread

(3) Response variable description

Counts of disease persistence events in 120
repetitions

Mean number of new infections per infected

individual

Z

TOT

—

INF

VAR ¢

SINF

CPERS

R

= C, * SIZE, * 25

Depending on P Thax and X (see eqn.

DA-4)
Tr / variance (see eqn. DA-4)

= (PINF_G +(8* PINF_N)) 19

count

Mean(Newly infected I,/ already infected I,
individuals per time step) * T\

* Note that when T\, = 5 we have only acute infections per definitionem.
**E.g Tyux = 15 and X = 1 refers to a proportion of 47% acute vs. 53% chronic infections, X = 3: 73% acute vs. 27% chronic infections,
X =10: 97% acute vs. 3% chronic infections. (Note that only lethal infections, i.e. non-transient infections, cause chronic disease).



